D espite a significant decline in incidence rate, disability adjusted life years, and mortality-to-incidence ratio, stroke remains a leading cause of mortality and long-term disability and imposes a heavy economic and social burden in high-income countries.
provided weak evidence for potential application in stroke management and research. 9 Prediction of functional outcome after SR remains a difficult task. Thus, the need still exists for continuing research aimed at developing and validating multivariable models enabling physicians to make a more efficient use of individual predictors. We sought to develop a multiparametric tool to estimate the probability of achieving functional improvement after comprehensive inpatient SR.
Methods
Two thousand one hundred eighty patients admitted to the Maugeri inpatient rehabilitation Institutes of Cassano Murge, Telese, and Montescano for SR were identified using a computergenerated list obtained from our administrative database and by reviewing electronic medical records. Of these patients, 1010 had been included in a previous study. 4 Patients were included in the study if they had been admitted within 90 days of onset of an ischemic or hemorrhagic stroke and had both an admission total Functional Independence Measure (FIM) score of <80 and a motor (M)-FIM score of <61 points. 12 Patients who were transferred to an acute care facility or discharged against medical advice, or died during inhospital stay were excluded. The Maugeri Institutes are certified ISO9001 Quality Management Systems for activities of rehabilitation. Our interdisciplinary SR teams comprise the following professionals with expertise in SR: neurologist, physiatrist, physiotherapist, occupational therapist, speech and language therapist, neuropsychologist, and nurse. The patients received physical and occupational therapy for 3 hours per day for 5 days and for 1 hour for 1 day of each week. Patients with more severe initial disability were managed with lower intensity programs. Trained therapists recorded admission and discharge FIM scores, as a part of our formal rehabilitation program. All the data were extracted from the electronic Hospital Information System that is networked between the Maugeri Institutes. The study was approved by the Institutional Review Board. Patients' data were deidentified.
Derivation Cohort
The derivation cohort consisted of the 1010 patients who had been included in our previous study and admitted to the Maugeri Institute of Cassano Murge from January 2002 to October 2011. 5 Of these patients, 144 were excluded because admitted >90 days after stroke, 82 because had an admission total FIM score of ≥80 and a M-FIM score of ≥61 points, 58 because transferred to an acute care facility or discharged against medical advice, and 9 because of inhospital death. Thus, 717 patients were available for analysis.
Validation Cohort
The validation cohort consisted of 1170 patients admitted to the Maugeri Institutes of Telese from November 2009 to December 2015, Montescano from January 2009 to June 2016, and Cassano Murge from November 2011 to September 2016. Of these patients, 25 were excluded because admitted >90 days after stroke, 108 because of an admission total FIM score of ≥80 and a M-FIM score of ≥61 points, 144 because transferred to an acute care facility or discharged against medical advice, and 18 because of inhospital death. Thus, 875 patients were available for analysis.
Outcome Measures

Primary Outcome
The primary outcome measure was the achievement of an M-FIM score of >61 points at discharge. This threshold defines mild stroke impairment.
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Secondary Outcome
Because M-FIM score, as a summary measure of functional status, may not fully characterize a patient's ability to perform individual basic activities of daily living, 14 we used recovery to a physical independence grade ≥5, as defined in the Functional Independence Staging (FIS) system developed by Stineman et al, [14] [15] [16] as secondary outcome. The physical independence grade 5 of the FIS system requires no more than supervision (score of ≥5) to groom, dress upper body, or transfer from chair to bed or transfer onto a toilet; requires no more than minimal assistance (score of ≥4) to bathe, dress the lower body, or use a wheelchair or walk; must be functioning at least at modified independence (score of ≥6) in eating and in bowel and bladder management; may require total assistance to climb stairs. 5, [14] [15] [16] Briefly, the FIM-based FIS system expresses a specific order of recovery which is consistent with calibrations of item difficulty that are generated through rating scale analysis. 16 The physical component of FIS distinguishes 7 grades of independence across the domains of activities of daily living (self-care, sphincter management, and mobility): grade 1 requires total assistance, grade 2 maximal assistance, grade 3 moderate assistance, grade 4 minimal assistance, grade 5 supervision, grade 6 defines a condition of modified independence, and grade 7 of complete independence. [14] [15] [16] Construct validity, face validity, sensitivity to changes, and responsiveness of the FIS system were established.
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Statistical Analysis
Data are reported as mean and SD or median with 25th and 75th percentiles for continuous variables or percentages for categorical variables. Data were 99.9% complete in the derivation and 98.5% complete in the validation cohort. We used the Student t test to compare mean or the Mann-Whitney test to compare median and the χ 2 test to compare categorical variables.
Derivation and Validation of the Models
We used the derivation data set to build 2 separate models: model 1 for the primary outcome and model 2 for the secondary outcome. Multivariable logistic regression analysis was used to derive the best-fitting prediction model. The following candidate predictor variables were considered for potential inclusion in the models: age, sex, marital and employment status, hypertension, diabetes mellitus, chronic obstructive pulmonary disease, coronary heart disease, atrial fibrillation, time from stroke occurrence to rehabilitation admission, type of stroke (ischemic or hemorrhagic), side of impairment, aphasia, unilateral neglect, M-FIM score, cognitive FIM score, blood urea nitrogen, estimated glomerular filtration rate, and hemoglobin. Because data about the National Institutes of Health Stroke Scale (NIHSS) measured at rehabilitation admission were not available for most patients of the validation cohort, it was not included in the analysis. To prevent the potential loss of prognostic information associated with categorization, all continuous variables were treated as such. Odds ratios with their 95% confidence intervals (CIs) and β coefficients were calculated. Atrial fibrillation was diagnosed based on admission ECG. Standardized tools were used to assess the presence of unilateral neglect when clinically suspected. The final logistic regression model for each outcome was developed by using a forward stepwise selection approach with P<0.05 to add covariates in the models. Then, we prospectively evaluated the performance of each model in the validation cohort by assessing discrimination and calibration. Discrimination was assessed using the area under the receiver operating characteristics curve (AUC). Calibration was assessed using the Hosmer-Lemeshow test and calibration plots. The statistical significance of the interactions between year of admission, center, and the primary outcome was tested using the likelihood ratio test.
Sensitivity Analyses
Sensitivity analyses were performed to assess the performance of the models in patients admitted ≤30 days after stroke occurrence and in patients with severe stroke, defined by an admission M-FIM score of <37 points.
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Additional Analyses
We examined the incremental predictive value of adding NIHSS, categorized for 5-point intervals, to model 1 and model 2 in the derivation cohort by comparing the AUC from model 1 and model 2 with and without NIHSS. In an exploratory analysis, we also examined the predictors of minimal clinically important difference for M-FIM score. 20 Finally, we investigated the association of the primary and secondary outcome with 4-year all-cause mortality in 1115 residents using a multivariable Cox proportional hazards model adjusted for mortality predictors associated with P<0.05. Hazard ratios with 95% CIs were calculated. Vital status was ascertained by linking with the Regional Health Information system. A P value <0.05 was considered statistically significant. All analyses were conducted using STATA software, version 14 (Stata-Corp LP, College Station, TX). Table 1 shows the baseline characteristics of the patients. Compared with the patients in the derivation cohort, those in the validation cohort were younger and had been admitted earlier to the inpatient rehabilitation units. Two hundred and six (28.7%) patients achieved the primary outcome in the derivation cohort and 274 (31.3%) in the validation cohort. One hundred (13.9%) patients achieved the secondary outcome in the derivation cohort and 160 (18.3%) in the validation cohort. Figure 1 shows admission and discharge mean M-FIM scores in patients who achieved the primary or the secondary outcome. Table 2 shows multivariable predictors of the primary and secondary outcome. shows the equation to estimate the probability of achieving the primary and secondary outcome.
Results
Patient Characteristics and Outcomes
Derivation of the Models
Performance of the Models in the Derivation Data Set
Both models demonstrated excellent discrimination and calibration. The AUC was 0.883 (95% CIs, 0.858-0.910) for model 1 and 0.913 (95% CIs, 0.884-0.942) for model 2 ( Figure 2 ). The Hosmer-Lemeshow χ 2 statistic was 4.12 (P=0.249) for model 1 and 1.20 (P=0.754) for model 2. Figure 3 shows plots of observed outcome frequencies against predicted probabilities by quintiles of predicted probability. Observed frequencies closely matched predicted probabilities. Adding NIHSS to model 1 and model 2 resulted in a marginal increase in AUC to 0.898 (0.873-0.922) and 0.925 (0.900-0.950), respectively.
Validation of the Models
Both models maintained an excellent discrimination in the validation cohort. Figure 3 shows plots of observed outcome frequencies against predicted probabilities by quintiles of predicted probability. Model 2 overestimated the probability of the secondary outcome in the highest quintile of predicted probability.
Sensitivity Analyses
Four hundred fifty patients in the derivation cohort and 748 in the validation cohort had been admitted ≤30 days from stroke occurrence. Of these patients, 31.5% in the derivation cohort and 30.9% in the validation cohort achieved the primary outcome. The corresponding figures for the secondary outcome were 15.1% and 17.9%, respectively. In the deriva- Six hundred twenty-one patients in the derivation and 758 in the validation cohort had initial severe motor impairment. Their median admission M-FIM was 17 (interquartile range, 14-24) points in the derivation and 18 [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] in the validation cohort. Table II in the online-only Data Supplement shows selected baseline characteristics. Of these patients, 20.1% in the derivation and 23.5% in the validation cohort achieved the primary outcome. The corresponding figures for the secondary outcome were 6.9% and 11.6%, respectively. Figure 4 shows box plots of M-FIM score at admission and discharge. Further data on rehabilitation outcome are reported in the Table III in 
Predictors of Minimal Clinically Important Difference for M-FIM Score
The results of the exploratory analysis performed to identify the predictors of minimal clinically important difference are reported in the online-only Data Supplement.
Interactions
To assess the interaction between year of admission, center, and the primary outcome, the 2 data sets were combined into 1 data set. We found no statistically significant interaction (P=0.606).
Association of the Primary and Secondary Outcome With Survival
Table IV in the online-only Data Supplement shows univariate and multivariable predictors of mortality. After adjustment for significant predictors, the primary (hazard ratios, 0.43; 95% CIs, 0.25-0.71; P=0.001) and secondary outcomes (hazard ratios, 0.32; 95% CIs, 0.14-0.69; P=0.004) were significantly associated with lower mortality risk ( Figure I in the onlineonly Data Supplement).
Online Calculator
A calculator was developed to allow calculation of the estimated probability of achieving the primary and secondary outcome. Figure II in the online-only Data Supplement shows examples of the application of the predictive models. The calculator is available for download at the website https://goo. gl/fEAp81, or can be requested to the corresponding author.
Discussion
We developed and validated an accurate prediction tool to estimate the probability of achieving functional improvement, as defined by the achievement of an M-FIM >61 points, or a level of independence requiring no more than supervision according to the FIS system [14] [15] [16] after SR. The prediction tool incorporates age, sex, time from stroke occurrence to inpatient rehabilitation admission, admission M-and cognitive FIM-scores, and neglect. The association between male gender and better outcome is consistent with the finding that women may have worse functional recovery after stroke. 21 Diminished muscular strength and greater propensity to develop poststroke depression in women compared with men may contribute to explain the difference in functional outcome after SR. 22, 23 That the above-mentioned variables are individually associated with functional outcome after SR is not a new finding. [4] [5] [6] [22] [23] [24] The novelty of the present study is that these influential variables were combined into an easy-to-use and accurate algorithm enabling physicians to make a more efficient use of established individual predictors. The 2 models demonstrated excellent discrimination in both cohorts (AUCs ≥0.85). Adding NIHSS to the models only resulted in a marginal increase in AUC of 0.015 for model 1 and 0.012 for model 2. Predicted and observed probabilities were in close agreement, although the probability of achieving the secondary outcome was modestly overestimated in the highest quintile of predicted probability in the validation cohort. Notably, the models had high discriminative ability even when applied to patients admitted ≤30 days from stroke occurrence or those with severe stroke. Recently, Bates et al 5, 6 developed 2 multivariable models to predict the achievement of a level of independence requiring minimal assistance or recovery to modified independence or above, in a large cohort of poststroke patients referred to the Veterans Health Administration. The models demonstrated good discriminative ability in both the derivation and 
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validation cohort. Nearly all patients, however, were male and ≈1 patient in 10 underwent inpatient rehabilitation. Male patients may have a better functional prognosis than females. 21, 23 Moreover, inpatient rehabilitation is independently associated with an increased likelihood of achieving functional improvement. 5, 6 Our results obtained from male and female poststroke patients admitted to an inpatient rehabilitation setting integrate and extend the studies of Bates et al. 5, 6 Taken together, our study and those of Bates et al 5, 6 may represent a well-founded starting point for implementation of prediction models in clinical practice.
Valuable prediction models have several potential applications in the rehabilitation setting, such as to inform management decisions, to inform patients and relatives about outcome expectation, to select patients likely to benefit or not benefit from SR, and to improve the efficiency of resources utilization. 8 However, whether using/providing the information of a prediction model impacts physicians' behaviors, patients' outcomes, or cost-effectiveness of care remains largely unsettled. 9, 25 These specific issues can only be addressed by impact studies. 25 Remarkably, the recent proof-of-concept study of Stinear et al 26 was the first to provide evidence that prediction algorithms can be used to guide clinical decision-making in a rehabilitation setting. Our results may be particularly relevant for patients with severe stroke impairment who present significant rehabilitation challenges. Because of several reasons including perceived low potential for functional improvement, expected long length of stay, and concerns about costeffectiveness, such patients are generally perceived as poor candidates for and may have limited access to inpatient rehabilitation. 18 Consistently, considerable variation in access to inpatient rehabilitation for such patients has been noted. [27] [28] [29] Medicare regulations specify that admission to inpatient rehabilitation facilities should be limited to patients for whom significant improvement is expected. 22, 27 Model 1 maintained an excellent predictive performance in the patient subgroup with severe stroke, suggesting that our prediction tool might be used to identify patients who are more (or less) likely to derive substantial benefit from inpatient rehabilitation and to assist physicians in making admission decision. 22 Prospective impact studies are needed to assess whether our prediction tool can be used to guide decision-making.
Limitations
The retrospective nature of the study is a major limitation. Other unmeasured or not documented factors may have influenced outcome. Median time from stroke occurrence until admission to rehabilitation was longer than for comparable populations in the United States. 13 Although the models incorporate time from stroke occurrence to rehabilitation admission, this discrepancy may limit the generalizability of our findings. However, it is noteworthy that the models retained a strong predictive value even when the analysis was restricted to the patients admitted within 30 days. Length of stay also was quite longer than for comparable populations in other countries. Mean or median length of stay varies considerably, ranging from 17 days in the United States, 30 to 35 in Canada, 31 to 44-to-66 in Europe. 32 Differences in organization of SR care, reimbursements policies, national guidelines, patient case mix, and discharge destination may account for these differences. As most spontaneous recovery takes place within the first weeks after stroke occurrence, 33 a residual confounding effect resulting from spontaneous recovery cannot be excluded. The patients were recruited in inpatient rehabilitation centers with homogeneous standards of care and organization. This may limit the generalizability of the results. We excluded patients with mild stroke impairment to minimize a possible ceiling effect. 4 For such patients, however, successful rehabilitation can be confidently anticipated. 11 We did not examine the prognostic role of neuroimaging, which may potentially provide incremental prognostic information over clinical and functional variables. 34 Further validation in other data sets is advisable.
Conclusions
In conclusion, the Maugeri model provides researchers and clinicians with an easy-to-use, accurate, and validated predictive tool that may be applied in rehabilitation research and stroke management.
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